Introduction
Cattle production in Botswana comprises two distinct production systems; communal and commercial. Communal farming is characterized by uncontrolled grazing due to open access to rangeland resources (BIDPA, 2006) . Commercial farming, on the other hand, involves production in either freehold or leasehold ranches (Central Statistics Office, 2008a) . The communal system accounts for a larger proportion of the cattle population; it consistently accounted for over 80 percent of the country`s cattle population during the period from 1979 to 2004 (TRANSTEC & BIDPA, 2010 .
Cattle production is an important livelihood source in Botswana, particularly for the rural economy where income generation opportunities are limited. The industry is also an important source of non-mineral foreign exchange for Botswana. During the period from 1972 to 2009, beef and beef by-products contributed an average of 10 percent to total export earnings and were the most consistent and leading source of non-mineral exports (Central Statistics Office, online)
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. The importance of the livestock sector is also seen in its real value added, which has been the main driver of agricultural GDP (Figure 1 ).
Notwithstanding the foregoing, the beef industry in Botswana is currently facing serious challenges. Both cattle sales for slaughter and beef exports have declined significantly since the 1990s, leading commentators to have doubts about the industry`s sustainability (BIDPA, 2006) . Total cattle sales declined from 368 thousand heads in 1983 to 184 thousand heads in 2004, representing a two-fold decline ( Figure  2 ). Most notably, cattle sales volume to the Botswana Meat Commission (BMC) has also declined, leading to a reduction in beef exports. BMC cattle throughput declined from 214 thousand cattle in 1991/92 to 164 thousand cattle in 2010, and was much lower at 113 thousand cattle in 2008 (Figure 3 ).
There is little empirical evidence on factors underlying beef cattle marketing in Botswana. Yet, market participation in agriculture is seen as among the most important contributory factors to poverty reduction in developing countries (Delgado, 1995; Ehui, Benin and Paulos, 2009 ). The limited research on cattle marketing in Botswana is surprising as the country's rural economy relies substantially on cattle farming as a source of livelihood. Moreover, outside mining, the cattle industry is a leading source of foreign exchange from commodity trade. Jefferies (2007) reviewed three studies on cattle supply response in Botswana. Jefferies' review found that cattle producers in Botswana responded positively to cattle prices, although estimates varied greatly across studies. One of the studies reviewed found negative short-term and positive medium-term price elasticity estimates, while another study yielded a highly elastic short-term response and no long-term response. The third study, which used cross sectional data, yielded a positive inelastic supply response with respect to cattle prices. Only one study has so far modeled cattle marketing decisions in Botswana (Nkhori, 2004) . The study found that, among other factors, herd-size and transaction costs (proxied by distance to market, market information, and speed of payment) affected cattle marketing decisions (choice of an outlet).
One other plausible determinant of cattle sales under communal settings in Botswana is the provision of public and private food and cash transfers, and employment in a Public Works Programme (PWP). Public food transfers are made through social safety net programmes outlined below. The Destitute Persons Programme (introduced in 1980) provides food packages to poor and needy households whose monthly income and livestock units fall below predetermined thresholds (Seleka et al., 2007) . The Orphan Care Programme (launched in 1999) provides food rations and other needs to orphaned children aged below 18, to enable them to lead normal lives.
The Community Home Based Care Programme, introduced in 1995, initially provided food baskets to terminally ill individuals suffering from AIDS, but it now also covers individuals with other debilitating chronic illnesses such as diabetes, who cannot provide for themselves. The Vulnerable Group Feeding Programme has existed since independence in 1966 and provides food packages to selected (on medical grounds) pregnant and lactating mothers, TB and leprosy patients and children aged below 5 (Seleka et al., 2007) .
Public cash transfers on the other hand are made through the Old Age Pension (OAP) programme and the World War II Veteran programme, which are also social safety net programmes. The OAP programme provides cash to all citizens aged at least 65, while the World War II Veteran programme benefits individuals who fought in the Second World War, their surviving spouses or children under the age of 21. In addition to providing food packages, the Destitute Persons Programme in Botswana also has a cash component to allow poor households to meet some of their non-food personal needs.
Cash benefits were also made to unemployed individuals, through a PWP, Labour Based Drought Relief Programme, during the period from 1982 to 2009, following the declaration of a drought by government. The current PWP, Ipelegeng, was introduced in 2009 to provide employment, on a permanent basis, with beneficiaries rotated to widen participation and coverage of the unemployed (BIDPA, 2010) . Private transfers include remittances and food supplies from relatives and friends, as will be seen from the agricultural census data used in this article.
Given the foregoing, this article uses the 2004 agricultural census data to analyze communal beef cattle marketing decisions in Botswana, with emphasis placed on the role of public and private (cash and food) transfers. Economic theory suggests that transfers (cash and food) can modify household behaviour, especially in cases where benefits are regular and consistent (Abdulai et al., 2005) . The effect can be seen at household, community and national levels (Abdulai et al., 2005; RHVP, 2010) .
At a household level, transfers may lead to changes in economic decisions such as cattle marketing, which we empirically explore in this article. This is important for policy as such transfers (particularly public programmes) could have contributed to declining cattle sales for slaughter and to poor beef export performance in Botswana. An understanding of factors underlying cattle sales is crucial as it may guide strategies for facilitating market participation in Botswana.
The rest of the paper is organized as follows. Section 2 reviews related empirical literature. In sections 3 and 4, we respectively specify the econometric model, and discuss data sources and descriptive statistics. Results and policy implications are presented in section 5, and section 6 concludes.
Review of related literature
Our review of the empirical literature is divided into four sections. The first section considers household characteristics included as independent variables in previous market participation studies. The second and third sections consider the influence of transaction costs and income (welfare) indicator variables (respectively) on livestock sales decisions, while the fourth section reviews the effects of herd dynamics on market participation.
Household characteristics
Household characteristics considered by past studies include household size, education, gender and age of farm owners. The effect of household size on market participation has been mixed. Studies in Kenya (Baldwin et al., 2008; Vincent et al., 2010) and South Africa (Montshwe, 2006) ascertained that household size related positively with cattle sales. This is because larger families have more needs to meet and hence may be more desperate for cash, leading to increased market participation. An inverse relationship between household size and market participation was also observed in South Africa (Uchezuba et al., 2009; Makhura, 2001 ). According to Makhura, one of the causes of the negative response could be the need to negotiate or consult other household members when selling cattle. Household size also had no influence on market participation in Ethiopia and South Africa (Ehui et al., 2009; Musemwa et al., 2010) .
Studies in Namibia (De Bruyn et al., 2001) , Georgia (Kan et al., 2006) and the Philippines (Lapar et al., 2003) found the level of education to negatively relate with market participation. An increase in one`s skills increases his/her chances of non-farm employment, which further reduces livestock market participation (Lapar et al., 2003) . Thus, education may raise the opportunity cost of labour, increasing one`s opportunity for paid employment, and hence reduce cattle marketing (Ehui et al., 2009 ).
Gender has been found to have mixed effects on market participation. Bellemare and Barrett (2006) found that female-headed households in Kenya and Ethiopia participated in the market less than male-headed households. However, Musemwa et al. (2010) found that, in South Africa, female-headed households had a higher probability of marketing cattle than male-headed households; this was due to the higher levels of unemployment and limited income sources among women.
Age of the farmer was found to positively relate with market participation in Namibia (De Bruyn et al., 2001 ) and Botswana (Nkhori, 2004) . This may be because older farmers are relatively more experienced and, therefore, are more likely to have contacts with various marketing outlets (Matungul et al., 2001 ).
Transaction costs
Transaction costs are broadly classified into information costs, negotiation costs and monitoring or enforcement costs (Hobbs, 1997) .
2 If information becomes readily available, information costs decline and the probability of market participation increases. Access to information increased market participation in Botswana (Nkhori, 2004) , Kenya (Vincent et al., 2010) , Namibia (De Bruyn et al., 2001 ) and South Africa (Musemwa et al., 2010; Bahta and Bauer, 2007) .
Negotiation costs include transport cost (proxied by distance to the market), payment delays and bargaining power (Hobbs, 1997; Gong et al., 2006) . 3 Studies conducted in Botswana (Nkhori, 2004) , Kenya (Vincent et al., 2010) and South Africa (Uchezuba et al., 2009; Bahta and Bauer, 2007) found that distance to the market reduced market participation.
Non-farm income
Non-farm income variables have not been commonly included as explanatory variables in livestock market participation studies. However, non-farm income, both wage and fixed income, can influence household behavior and hence, cattle marketing decisions. This includes both earned (from employment) and received (remittances and pensions) income. We review the few studies that have considered off-farm income variables. Ehui et al. (2009) found that non-farm income increased participation in marketing of live animals in Ethiopia. Montshwe (2006) found that remittances increased the probability of market participation for small-scale cattle farmers in South Africa. According to Alene et al. (2008) , a positive influence of non-farm income on market participation is seen in cases where non-farm income is used to finance farm productivity.
Other studies have however found non-farm income to negatively influence livestock marketing. Baldwin et al. (2008) found wages to reduce cattle offtake rates in Kenya. Vincent et al. (2010) ascertained that remittances lowered the probability of market participation in Kenya. Pension earners in South Africa had a lower probability of participating in the market compared to non-pension earners (Makhura, 2001 ). According to Kan et al. (2006) , non-farm income had a negative effect on market participation in Georgia. A negative association suggests that households use offfarm income to meet their consumption needs, which could otherwise be met through receipts from livestock sales (Baldwin et al., 2008) .
Herd size and dynamics
Drought and cattle diseases influence cattle herd-size and dynamics, further affecting market participation. BIDPA (2006) found that drought increased cattle marketing during the year it occurs. However, the lagged effects were negative as farmers rebuilt their cattle inventory in subsequent years. The impact of drought was also observed by Barrett et al. (2004) , where households sold their livestock during worst droughts as a risk coping strategy in Kenya and Ethiopia. The BIDPA study also ascertained that cattle disease outbreaks reduced cattle supply to the BMC.
Cattle herd-size was found to positively influence market participation in Botswana (Nkhori, 2004) , Kenya (Vincent et al., 2010) , Namibia (De Bruyn et al., 2001) and South Africa (Montshwe, 2006) . Cattle deaths increased market participation in Kenya (Vincent et al., 2010) and South Africa (Montshwe, 2006) . The decision to sell more cattle in response to increasing mortalities is a risk aversion strategy to guard against further mortalities (Vincent et al., 2010; BIDPA, 2006) . Cattle births were found to increase cattle marketing in Ethiopia and Kenya (Bellemare and Barrett, 2006) and South Africa (Bahta and Bauer, 2007) . As increasing births imply an expansion in the future breeding stock, it might stimulate market participation now to meet immediate cash needs.
Model specification
To investigate the determinants of cattle sales decisions, we specified two models. Firstly, we examined factors affecting the probability of selling cattle using a binary Logit model, which is one of the extensively used models if the dependent variable is dichotomous (Greene, 2008) . The choice of this analytical technique was informed by the following; (i) that it is best suited for modeling non-linear distribution, unlike the ordinary least squares (OLS) method, and (ii) that it can be used to analyze a relationship between categorical responses and a set of both categorical and continuous variables (Uchezuba et al., 2009 ). The estimated model is specified as in Equation 1. (1)
In this specification, the dependent variable carries 1 if the farmer sold cattle and 0 otherwise, α 0 is the constant term, ν i is the error term, α j is the coefficient for the jth explanatory variable X j , P i is the probability of household i participating in cattle marketing. X j s include household characteristics, sources of income dummies, cattle water sources dummies, ownership of water source dummies, hired labour input dummy, and district dummies (Table 1) .
Secondly, we estimated an equation for analyzing factors that influence the level of cattle sales. As cattle sales were only observed for the households that sold cattle, the number of cattle sold is censored at 0. Estimating this equation through the OLS method, ignoring the censoring of the dependent variable, would yield biased coefficients (Hobbs, 1997) . To address the problem of selection bias and the bias arising from censoring of data, we specified the Tobit model, also known as censored regression model (Sigelman and Zeng, 1999; Makhura, 2001 ). The model is specified as follows:
In this specification, S i * denotes the number of cattle sold by the ith household and is the latent or unobserved variable, S is the observed level of cattle sales, β 0 is the constant term, ε i is the error term, and β j is the coefficient for the jth explanatory variable X j . The number of cattle sold is only observed if a farmer sold cattle, i.e if the number of cattle sold is greater than 0 (Equation 3).
Coefficients for the Tobit model are interpreted in the same way as for OLS coefficients, but this is made difficult by the presence of censoring (Hobbs, 1997) . Thus, the Tobit model produces a single coefficient for each explanatory variable despite having two types of dependent variables; censored and uncensored (LeCLERE, 1994) . This coefficient measures how the unobserved variable changes with respect to changes in the regressors. However, since our aim is to investigate the variation in uncensored observations, we computed the marginal effect on the conditional expected value of cattle sales. The marginal effect describes how the observed cattle sales change with respect to changes in the regressors (STATA Corp, 2009).
Data and descriptive statistics
The paper used data from the 2004 Botswana Agricultural Census for communal cattle farmers. Since this article is about cattle marketing, we extracted cattle farmers from the entire sample, resulting in a sample of 13,218 households.
4 Table  1 defines the variables used in the model and Table 2 presents descriptive statistics. The explanatory variables, for both Logit and Tobit models, include household characteristics, income sources, cattle herd dynamics, water sources, water source ownership, and hired labour. We also included district dummies to capture fixed regional effects, including transaction costs such as distance to market and other unobserved fixed regional effects.
About 42 percent of the sampled farmers sold cattle during 2004. This is comparable to the 46 percent found by BIDPA (2006) . Average household size stood at 4 individuals, which is consistent with an earlier study (Central Statistics Office, 2008b) . The average age of the head of the household is 58 years, signifying predominance of the elderly. About 75 percent of the households were male-headed, implying predominance of males in cattle farming. About 59 percent of the household heads were married. 
Sources of Income

Paid Employment
Whether income was sourced from Paid Employment: 1=Yes
Other business
Whether income was sourced from Other Business:1=Yes
Remittances
Whether income was sourced from Remittances:1=Yes
Pension
Whether income was sourced from Pension: 1=Yes
Sources of Food
Own Production
Whether the household sourced food from own production: 1=Yes
Government Rations
Whether the household sourced food from government: 1=Yes
Relative and friends
Whether the household sourced food from relatives and friends: 1=Yes A majority of cattle farmers (39 percent) sourced cash income from paid employment, followed by remittances and pensions, with 31 and 30 percent, respectively. Other business was a source of income for 15 percent of the households. A significant proportion (32 percent) of the households sourced food from own production. Other food sources were government ration (6 percent of the households) and supply from relatives and friends (3 percent of the households).
Boreholes were the most common source of water for cattle, having been cited by 43 percent of the households. This is followed by wells (27 percent) and dams and rivers (with 14 percent each). Pans and ponds were cited by negligible proportions of households as water sources. Thus, underground water sources (boreholes and wells) are the most common water source for cattle. A majority of water sources belonged to syndicates 5 (24 percent), followed by individual households (18 percent), community (13 percent) and family (12 percent). Government owned water sources were used by only 6 percent of the households.
Average cattle herd-size is estimated at 42 animals, implying the predominance of smallholders. The average number of cattle deaths is about 4 animals. About 32 percent of the households used hired farm labor. Table 3 presents the Logit regression results on cattle marketing decisions. The table reports coefficients, odds ratios and associated p-values. The coefficients give the change in the log of odds of the outcome (cattle sales) for a one unit change in the predictor variable while odds ratios give the odds of selling cattle (Gujarati, 1995) . An odds ratio of more than 1 implies that there is more likelihood to sell cattle while a ratio of less than 1 suggests a less likelihood. The table also reports the marginal (or partial) effects, which represent a change in the probability of selling cattle due to a change in regressors. We also present Probit results for comparison purposes, but we do not interpret or discuss them.
Results and policy implications
The results of the Tobit regression, which models the number of cattle sold, are presented in Table 4 
Overall model results
Even though the Pseudo R-squares for the models appear to be low, this was expected for cross-sectional data (Kennedy, 2003) . The Likelihood ratio chi-square of 2044.04 with p-value of 0.0000 indicates that the specified Logit model as a whole fits significantly better than an empty model (i.e a model with no predictors). This means that the considered variables significantly explain farmer participation in cattle marketing. Similarly, the Likelihood ratio chi-square of 4451.55 (with a p-value of 0.0000) shows that the Tobit model, as a whole, fits better than an empty model. Sigma is the "estimated standard error of the regression" (STATA Corp, 2009; p.120) . Therefore, a value of 13.18375 is comparable to the mean squared root error obtained in the OLS method, which is an absolute measure of fit.
Household characteristics
Household size is statistically insignificant in influencing both the probability of selling cattle and the volume of cattle sold. While this is contrary to the study by Uchezuba et al. (2009) and Vincent et al. (2010) , it is consistent with those of Ehui et al. (2009) and Musemwa et al. (2010) .
Education of the head of household is highly significant in influencing both the probability of selling cattle and the number of cattle sold. An increase in years of schooling by one year would increase the probability of selling cattle by 0.6 percent and the number of cattle sold by 0.1 heads. This was expected as education improves farmers' access to market information as well as its utilization. Even though some argue that increased level of education may result in lower probability of cattle sales, arising from the opportunity costs of education (Kan et al., 2006; Ehui et al., 2009 ), such argument is not supported by the current findings for Botswana.
An increase in the household head`s age by one year would increase the probability of selling cattle by 0.2 percent and the number of cattle sold by 0.01 heads. This confirms results for Namibia (De Bruyn et al., 2001 ). Since older farmers are relatively more experienced, they are more likely to have established contacts with buyers, increasing the probability of market participation. Having a married household head increases the probability of selling cattle by 6.6 percent and the number of cattle sold by 0.5 heads. This may result from increased cash needs associated with marital responsibilities (Nnadi and Akwiwu, 2008) .
Full time farming increases the probability of selling cattle by 2.9 percent and the volume of cattle sold by 0.2 heads. This might partly be because full time farmers depend more on cattle farming as a source of income, increasing the need to sell and the number of cattle sold to finance household consumption and investment in cattle production. The less likelihood to sell by part-time farmers could be due to the possibility of them having alternative income sources to meet consumption needs and to finance cattle farming operations.
Sources of income
The different sources of cash income considered here are paid employment, other business income, remittances and pension. These are all binary variables. We expected these variables to have negative effects on both the probability of selling cattle and the number of cattle sold. Results are consistent with a priori expectation. Paid employment reduces the probability of selling cattle by 12.1 percent and the number of cattle sold by 1 animal. This is because the availability of an alternative income source yields reduced pressure on farmers to sell cattle. The results confirm the findings obtained in Kenya (Baldwin et al., 2008; Vincent et al., 2010) .
Income sourced from other business has a significant effect on the probability of selling cattle but has no influence on the number of cattle sold. Sourcing income from other business reduces the probability of selling cattle by 5.2 percent. Remittance reduces the probability of selling cattle by 8.5 percent and the volume of cattle sold by 0.6 heads. Pension reduces the probability of selling cattle by 4.7 percent and the number of cattle sold by 0.3 heads; the results are consistent with the findings in South Africa (Makhura, 2001) . In sum, and consistent with findings elsewhere (Makhura, 2001; Baldwin et al., 2008; Uchezuba et al., 2009; Ehui et al., 2009) , alternative income sources reduce participation in cattle marketing.
Contrary to our expectation, own production increases the probability of selling cattle (by 6.8 percent) and the number of cattle sold (by 0.4 heads). It is not clear why this might be the case. However, as subsistence crop production is mainly in the purview of poorer smallholder farmers and due to low productivity in the sector (TRANSTEC and BIDPA, 2010) , those participating might be having limited livelihood opportunities and undiversified income portfolios, implying that those of them owning cattle (though few) may be more compelled to participate in the market to meet immediate cash needs. Notwithstanding such possibility, the positive influence cannot, in the main, be logically explained.
Government food rations reduce the probability of selling cattle by 10.2 percent and the number of cattle sold by 0.4 heads. Thus, while government food rations are an important source of household food security, they negatively impact on cattle sales. Food from relatives and friends reduces the probability of selling cattle by 6.7 percent and the volume of cattle sold by 0.6 heads.
Overall, the results imply that publicly provided cash and food transfers discourage cattle sales. Therefore, if not well targeted to the poor or if they are associated with high leakages to the non-poor, such programmes would have far-reaching implications on the performance of the beef industry as they would stimulate the accumulation of cattle inventory and discourage sales. 6 Thus, they may further contribute to poor beef export performance. Cattle inventory accumulation may also exacerbate environmental degradation in communal areas, due to overstocking and, hence, overgrazing.
On the positive side, however, the provision of cash and food transfers, if well targeted, would allow poor cattle owners to accumulate inventory and to improve their welfare outcomes. Such stock accumulation may possibly allow the poor to escape intergenerational poverty. This, however, can only happen if such programmes are provided regularly and consistently over a number of years to allow the poor to achieve optimum herd-sizes that can sustain their families (see Abdulai et al., 2005; RHVP, 2010; and Grosh et al., 2008 for similar conclusions)
Main water sources for livestock
These are also binary variables and we chose borehole as a reference category. Results show that watering livestock from wells and rivers respectively reduces the probability of selling cattle by 2.7 and 4.6 percent, and the number of cattle sold by 0.4 and 0.5 heads. Sourcing water from dams has no significant effect on the probability to sell cattle but reduces the number of cattle sold by 0.3 heads. Sourcing water from a pond reduces the number of cattle sold by 0.5 heads but has no effect on the probability to sell cattle. Arguably, the above sources of water for cattle are less likely to have higher user fees than boreholes; they are associated with lower production costs than boreholes. A farmer who owns a borehole (base variable) is expected to sell more cattle to finance the costs associated with running and maintaining it. In cases where a farmer does not own a borehole but uses one to water cattle, we expect him/her to contribute user fees to the owner. Hence, all borehole users (both owners and non-owners) should have a higher probability to sell cattle, as well as higher cattle sales volumes, than users of other water sources. Moreover, the use of boreholes, rather than rivers or dams, reduces the chances of cattle straying, leading to an increased likelihood of selling and number of cattle sold.
Water source ownership
Compared with individual (self) ownership (the base variable), family ownership of the main water source has no effect on both the probability of selling cattle and the number of cattle sold. This is expected as individual ownership and family ownership imply that the household has a stake in the water source. Water source ownership by a syndicate also has no effect on both the probability of selling cattle and the volume of cattle sold, also because a member of a syndicate has a stake in the water source.
Community ownership of a water source has no effect on the likelihood to sell cattle, but reduces the number of cattle sold by 0.3 heads. The use of a government-owned water source reduces the probability of selling cattle by 5.8 percent and the number of cattle sold by 0.6 heads. In sum, the negative coefficients are attributed to the lower costs of utilizing (running and maintaining) a community or governmentowned water source, compared to individual ownership of the water source; lower costs reduce the need to market cattle.
Herd dynamics
Cattle herd-size increases the probability of cattle sales and the number of cattle sold. An increase in herd-size by one animal increases the probability of selling cattle by 0.3 percent and the volume of cattle sold by 0.2 heads. Cattle deaths also have a positive influence on sales decisions as well as on the number of cattle sold. An increase in the number of deaths by one animal would increase the probability of selling cattle by 0.3 percent and the number of cattle sold by 0.03 heads. This may imply that farmers sell more cattle as a risk aversion strategy, to guard against the likelihood of the occurrence of further deaths. Montshwe (2006) also observed a similar pattern in South Africa.
Hired labour input
Having hired farm labour increases the likelihood to sell cattle, as this is a form of cost that needs financing. This increases the probability of selling cattle by 3.9 percent. Moreover, the presence of hired farm labor increases the number of cattle sold by 0.8 heads, due to the need to pay wages.
Summary and conclusions
This paper examined factors underlying communal beef cattle marketing decisions in Botswana. Results show that cattle market participation is significantly influenced by household characteristics such as age, marital status, and education of the head of household. Age of the household head has a positive impact on the probability of selling cattle and the number of cattle sold. Households with married heads are more likely to sell cattle than those headed by unmarried individuals. This might be due to marital responsibilities.
Household size does not have a significant effect on both the probability of selling cattle and the volume of cattle sold. Education level of the head of household positively influences both the probability of selling cattle and the volume of cattle sold. This suggests that education is used as an input in utilizing market information, which enhances market participation.
Full-time farmers are more likely to sell cattle than part-time farmers. This might be due to the limited availability of alternative income sources to finance consumption and cattle farming operations. Put differently, part-time farmers are more likely to finance consumption and farming operations from income earned elsewhere, while full-time farmers are forced to sell cattle to finance consumption and farming operations.
When measured against using boreholes, sourcing water from wells and rivers reduces both the likelihood of selling cattle and the number of cattle sold, while sourcing water from dams and ponds only reduces cattle sales. This is because boreholes have higher operation and maintenance costs than these other water sources, which may need financing through cattle sales. When measured against self ownership, ownership of main water source by a community only reduces cattle sales, whereas government ownership reduces both the probability of selling cattle and the number of cattle sold. This is attributed to the fact that operating a self-owned water source may be more costly than using community-or government-owned water sources, and would require selling cattle to finance operation and maintenance costs.
The key finding of this study is that off-farm income sources (pensions, remittances, paid employment, other business, government food rations, and food supplies from relatives and friends) reduce both the probability of selling cattle and the volume of cattle sold. These results were expected for an extensive communal production system where the general motive is to accumulate cattle inventory as a store of wealth (BIDPA, 2006) . In this production system, cows and bulls are the current breeding stock while heifers and female calves are the future breeding stock.
Oxen are usually the candidates for marketing, while tollies will be marketed in the near future after reaching full maturity. Cows and bulls are marketed only for culling purposes or when there are emergency cash needs that need financing and there are not enough oxen to sell. Similarly, tollies and heifers may be sold for the same reason. Under the production system, having alternative sources of income reduces emergency cash and food needs, leading to cattle inventory accumulation (to store wealth) and reduced market participation.
The question is whether the results present a policy dilemma as alternative income (cash and food) sources include government support programmes meant to reduce poverty. Thus, while these programmes increase household food security, they also discourage farmers from marketing cattle and hence may contribute to poor beef export performance, and lower foreign exchange. Cattle inventory accumulation may also lead to environment degradation from overstocking and overgrazing. There is need, therefore, to ensure that such programmes are targeted to the poor to minimize their adverse impact on the beef industry. The results also imply that public cash and food transfers may allow poor households to rebuild their livestock inventory and to possibly get uplifted out of intergenerational poverty traps. Therefore, if well targeted and provided consistently and regularly to the poor, over a long period of time, some of these programmes would likely bring about positive welfare outcomes for the poor. Hence, the poor would escape intergenerational poverty, through rebuilding of productive assets (such as livestock).
